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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.

Details

Product Status Obsolete

Number of LABs/CLBs 440

Number of Logic Elements/Cells 3520

Total RAM Bits 81920

Number of I/O 95

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 70°C (TA)

Package / Case 121-VFBGA, CSBGA

Supplier Device Package 121-CSPBGA (6x6)
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Figure 7:  Differentia l Inputs  in I/O Bank 3  

 

Differential Outputs in Any Bank  

Differential outputs are built using a pair of single-ended PIO pins as shown in Figure 8.  Each differential I/O pair 
requires a three-resistor termination network to adjust output characteristic to match those for the specific 
differential I/O standard.  The output characteristics depend on the values of the parallel resistors (RP) and series 
resistor (RS).  Differential outputs must be located in the same I/O tile. 

Figure 8:  Differential Output  Pair  

 
�)�R�U���H�O�H�F�W�U�L�F�D�O���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����V�H�H���´Differential Outputs�µ���R�Q���S�D�J�H��75. 

The PIO pins that make up a differential output pair are indicated with a blue bounding box in the in the tables in 
�D́ie Cross Reference�µ���V�W�D�U�W�L�Q�J���R�Q���S�D�J�H��67. 
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The iCE65P device attempts to reconfigure six times.  If not successful after six attempts, the iCE65P FPGA 
automatically goes into low-power mode. 

SPI Peripheral Configuration Interface  

Using the SPI peripheral configuration interface, an application processor (AP) serially writes a configuration image 
to an iCE65P FPGA using the iCE65õs SPI interface, as shown in Figure 26.  The iCE65õs SPI configuration interface 
is a separate, independent I/O bank, powered by the VCC_SPI supply input.  Typically, VCC_SPI is the same voltage 
as the application processorõs I/O.  The configuration control signals, CDONE and CRESET_B, are supplied by the 
separate I/O Bank 2 voltage input, VCCIO_2. 

This same SPI peripheral interface supports programming for the iCE65õs Nonvolatile Configuration Memory 
(NVCM).  

Figure 31:  iCE65P SPI Peripheral Configuration Interface  
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The SPI control signals are defined in Table 32. 

Table 36:  SPI Peripheral Configuration Interface Pins (SPI_SS_B Low when CRESET_B Released)  
Signal 
Name Direction 

iCE65P I/O 
Supply Description 

CDONE AP  iCE65 VCCIO_2 �&�R�Q�I�L�J�X�U�D�W�L�R�Q���'�R�Q�H���R�X�W�S�X�W���I�U�R�P���L�&�(�����������&�R�Q�Q�H�F�W���W�R���D�������N�»��pull-up 
resistor to the application processor I/O voltage, AP_VCC. 

CRESET_B AP  iCE65 Configuration Reset input on iCE65.  Typically driven by AP using an 
open-�G�U�D�L�Q���G�U�L�Y�H�U�����Z�K�L�F�K���D�O�V�R���U�H�T�X�L�U�H�V���D�������N�»���S�X�O�O-up resistor to 
VCCIO_2. 

SPI_VCC Supply SPI_VCC SPI Flash PROM voltage supply input. 
SPI_SI AP  iCE65 SPI Serial Input to the iCE65P FPGA, driven by the application processor. 
SPI_SO AP  iCE65 SPI Serial Output from CE65 device to the application processor.  Not 

actually used during SPI peripheral mode configuration but required if 
the SPI interface is also used to program the NVCM. 

SPI_SS_B AP  iCE65 SPI Slave Select output from the application processor.  Active Low.  
Optionally hold Low prior to �F�R�Q�I�L�J�X�U�D�W�L�R�Q���X�V�L�Q�J���D�������N�»���S�X�O�O-down 
resistor to ground.  

SPI_SCK AP  iCE65 SPI Slave Clock output from the application processor. 
After configuration, the SPI port pins are available to the user-application as additional PIO pins, supplied by the 
SPI_VCC input voltage, essentially providing a fifth òminió I/O bank. 
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Figure 33:   SPI Peripheral Configuration Process  
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Voltage Compatibility  

As shown in Figure 26, there are potentially three different supply voltages involved in the SPI Peripheral interface, 
described in Table 37. 

Table 37:  SPI Peripheral Mode Supply Voltages  
Supply Voltage Description 

AP_VCCIO  I/O supply to the Application Processor (AP) 
VCC_SPI  Voltage supply for the iCE65P SPI interface. 
VCCIO_2  Supply voltage for the iCE65P I/O Bank 2.  
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Supported JTAG Commands  

The JTAG interface supports the IEEE 1149.1 mandatory instructions, including EXTEST, SAMPLE/PRELOAD, and 
BYPASS. 

Package and Pinout Information  

Maximum User I/O Pins by Package and by I/O Bank  

Table 41 lists the maximum number of user-programmable I/O pins by package, with additional detail showing user 
I/O pins by I/O bank.  In some cases, a smaller iCE65P device is packaged in a larger package with unconnected 
(N.C.) pins or balls, resulting in fewer overall I/O pins.  See Table 2 and Table 42 for device-specific I/O counts by 
package. 

Table 41:  User I/O by Package, by I/O Bank  
 Package Code  

CB121  CB196  CB284  
Package Leads  121 




